Major episodic acidifications were observed on several occasions in first-order brooks at Acadia National Park, Mount Desert Island, Maine. Short-term declines of up to 2 pH units and 130/•eq L -1 acid-neutralizing capacity were caused by HC1 from soil solutions, rather than by H2SO4 or HNO3 from precipitation, because (I) SO½ concentrations were constant or decreased during the p H depression, (2) CI concentrations were greatest at the time of lowest pH, and (3) Na:C1 ratios decreased from values much greater than those in precipitation (a result of chemical weathering), to values equal to or less than those in precipitation. Dilution, increases in NO 3 concentrations, or increased export of organic acidity from soils were insufficient to cause the observed decreases in pH. These data represent surface water acidifications due primarily to an ion exchange "salt effect" of Na + for H + in soil solution, and secondarily to dilution, neither of which is a consequence of acidic deposition. The requisite conditions for a major episodic salt effect acidification include acidic soils, and either an especially salt-laden wet precipitation event, or a period of accumulation of marine salts from dry deposition, followed by wet inputs.
INTRODUCTION
Episodic changes in stream chemistry occur during storm or snowmelt runoff events. These changes are often characterized by short-term decreases in p H and acid-neutralizing capacity (ANC). The reduction of ANC is caused by "titration" by strong acids in precipitation, increased edaphic export of organic acids, dilution by lower ANC water, or exchange of a cation(s) in high concentrations for hydrogen ion. This latter process is the "salt effect" [Bache, 1984; Wiklander, 1975] , the displacement of hydrogen ion from soil exchange sites by another cation in excess. The likely cations are Na and Mg from marine salts [Wright et al., 1988 ; Norton et al., 1987; Skartveit et al., 1980] , with C1 serving as the counterion with hydrogen. The "salt effect" decreases soil acidity, but necessarily increases the acidity of pefcobring solutions [Wiklander, 1975] .
We report here on the salt effect mechanism of episodic acidifications in low-order streams in Acadia National Park Volume-weighted means for the chemistry of precipitation show distinct seasonal differences (Table 1) and SO4 indicate that HC1 is responsible for the pH and ANC declines. Na: C1 ratios in streams normally are greater than those in seawater or precipitation due to release of Na by chemical weathering. During the events discussed here, the Na:C1 ratios declined to values approaching those in incident precipitation. Dilution depresses the Na'CI ratio somewhat, but removal of Na relative to C1 is necessary to depress the ratio to values well below 1.0. The major ion ratios also reflect a shift from an Na-C1-HCO 3 or Na-C1-SO4 (as in Penobscot Brook) system to an Na-H-C1-A1 system. Sulfate declines further in relative importance during the events. Similarly, additional H + was added to the positive ions, and additional C1 more than replaced HCO3. Calcium increases in concentration (decreases less than the amount predicted from dilution) as a result of Na for H and Ca exchange reactions in the soil. Cation exchange thermodynamic data suggest that similar relationships would exist for both Ca and K. However, the very low concentrations of K make detection of patterns in K concentrations difficult to detect.
The probable "salt effect" mechanism causing these acid- During high discharge, the upper mineral soil and overlying organic layers become active conduits for water delivered laterally to streams and lakes [Bache, 1984] . Based on chemical characteristics of base flow and precipitation we calculated dilution and the extent of marine salt cation exchange for the October 22 salt effect episode. The headwater streams receive a larger proportion of their water from 0 horizon soils than the valley streams in thicker overburden. Water from headwater systems will be more acidic, as data for these streams illustrate. In addition, water introduced to streams from these soils will be relatively enriched in Na during base flow, as the internal production of H + exchanges for Na +. Thus, Na:C1 ratios in headwater streams were greater than in the lowland streams during base flow in both 1984 (Figure 2 ) and 1983.
CONCLUSIONS
Excess neutral salts in precipitation may cause significant episodic acidifications of surface waters due to an ion exchange of marine salts. At Acadia National Park, the phenomenon was observed principally in first-order, upland sites with thin soils. Higher-order sites at lower elevation are too well buffered to readily acidify, although the salt effect was evident in some of these streams. Soluble salts are deposited from wet precipitation, or accumulate from dry deposition. They are mobilized by rainfall or snowmelt. High concentrations of salt relative to normal levels are necessary for the effect to be apparent. When this occurs, temporary partial retention of Na, Mg, and/or SO4 in soils, is the result. The process requires acidic soils, but acidic precipitation is not necessary for episodic acidifications to occur.
